The extracellular calmodulin-binding proteins (CaMBPs) were investigated in body fluids of animals by using the biotinylated calmodulin gel overlay method. Four major CaMBPs with molecular masses of 24, 31·5, 44/45 and 94 kDa were detected in serum, two of 24 and 63 kDa in bovine milk and three of 14, 24 and 52 kDa in human saliva. It suggested that extracellular CaMBPs exist commonly in body fluids of animals, and this result may provide a new clue for understanding the role of extracellular calmodulin.
Introduction

Ca
2+ is one of the major second messengers. Together with its receptor protein, calmodulin (CaM), the complex can modulate many intracellular physiological metabolic events and play a central role in signal transduction. In 1980 Boynton et al. discovered that exogenous CaM could stimulate DNA synthesis of rat liver cells. Thereafter, MacNeil et al. (1984) found that CaM antagonists could inhibit murine B16 melanoma cell DNA synthesis, and the inhibition could be reversed by adding fresh medium containing fetal calf serum (FCS) or exogenous pure CaM. They also detected CaM-like activity in FCS (MacNeil et al. 1984) . Later, extracellular CaM-like proteins were found in human serum, cerebrospinal fluid, breast milk, urine, saliva and conditioned culture medium (Dawson & MacNeil 1992) . reported that adding the CaM antagonists W7-agarose and anti-CaM antibody could significantly decrease the DNA synthesis and cell division of K562 human leukaemic lymphocytes. Thus they provided conclusive evidence that CaM could influence cell proliferation in an extracellular fashion. Extracellular CaM has been found to stimulate DNA synthesis (Boynton et al. 1980 , MacNeil et al. 1984 , cell and plant protoplast proliferation (MacNeil et al. 1984 , Li et al. 1994a , Sun et al. 1995 , plant cell wall regeneration (Sun et al. 1995) , human embryo development (Woodward et al. 1993) , pollen germination (Ma & Sun 1996 , 1997 and so on, but its mechanism of action is still unknown.
Just as much of the understanding of intracellular CaM-dependent physiological roles was derived from the identification of CaM-binding proteins (CaMBPs), we have sought to characterize the actions of CaM by identifying extracellular CaMBPs. As in Crocker's work ), a CaM-like protein was detected in breast milk, saliva and serum and these three systems were selected for the present study.
Materials and Methods
Protein preparation
Human saliva was collected from healthy volunteers and centrifuged at 800 g for 15 min. Bovine milk was obtained from a local farm, centrifuged at 63 000 g for 30 min, and the limpid solution in the middle of the centrifuge tube collected. Chicken blood was coagulated at 37 C for 3-4 h. Serum was collected and centrifuged at 800 g for 10 min at 25 C to remove remaining blood cells. For extracting intracellular proteins, sodium citrate was added to blood, and then the blood cells were concentrated by using low speed centrifugation (800 g for 5 min at 25 C) and washed four to six times with physiological saline until the supernatant was clear. The pellet was resuspended in buffer G (50 m Tris-HCl, pH 8·0, 2 m EGTA, 0·15  NaCl, 0·25 m phenylmethylsulphonyl fluoride, 20 m NaHSO 3 , 1 m 2-mercaptoethanol) and sonicated at 240 W for six cycles of 15 s each. The blood cell homogenate was centrifuged at 63 000 g for 30 min at 4 C and the supernatant was collected in all experiments. All samples were stored in liquid nitrogen vapour until use. In order to ensure the reliability of the extracellular sample, the activity of glucose 6-phosphate dehydrogenase (one of the cytoplasm marker enzymes) was assayed as described by Edward & John (1984) .
Biotinylation of CaM
CaM was purified from bovine brain by phenyl-Sepharose 4B affinity chromatography according to the method of Biro et al. (1984) . Purity was over 95% as determined by SDS-PAGE (Laemmli 1970 ) and gel scanning identification. Biotinylation of CaM was performed as described by (Billingsley et al. 1985) . After dialysis against 0·1  phosphate buffer (pH 7·4) overnight at 4 C, the bovine brain CaM solution was diluted to 1·2 mg/ml using an extinction coefficient of 0·18 for 1 mg/ml CaM. Then the concentration of Ca 2+ in this solution was adjusted to 1 m. Biotinamidocaproate N-hydroxysuccinimide ester (BCNHS) (Sigma, St Louis, MA, USA) was dissolved in N,N -dimethylformamide (3·2 mg/100 µl) and added to the CaM solution at a final concentration of 1 m. The reaction was allowed to proceed for 2 h at 4 C with constant stirring, and then the unreacted BCNHS was removed by exhaustive dialysis against 0·1  phosphate buffer (pH 7·4) at 4 C.
Electrophoresis and protein blotting
After separation by SDS-PAGE in 11% acrylamide gels using the method of Laemmli (1970) , proteins were electrophoretically transferred to nitrocellulose paper for 2 h at 4 C using 190 mA (Li et al. 1994b) . A mixture of molecular weight markers (Sigma) was used to evaluate the molecular weights of the separated proteins.
The nitrocellulose paper was blocked for 30 min at 25 C with blocking buffer: 5% non-fat dried milk and 0·02% Tween-20 in buffer A (50 m Tris-HCl, pH 7·4, 150 m NaCl, 1 m CaCl 2 ), then incubated for 1 h at 25 C with blocking buffer containing 25 µg/ml biotinylated CaM followed by four washes with buffer A. The washed paper was incubated with avidin-peroxidase (Sigma) (diluted 1:500 in blocking buffer) for 1 h at 25 C and washed as described above. CaMBPs were visualized in 3,3 -diaminobenzidine solution (Sigma) (0·5 mg/ml in buffer A containing 0·03% H 2 O 2 ). In controlled incubations, 1 m Ca 2+ of all solutions was replaced by 5 m EGTA. Or, instead of incubating with biotinylated CaM, the blocked paper was incubated with avidin-peroxidase directly in the presence of 1 m Ca 2+ to detect avidin-or peroxidase-binding proteins.
Results
As shown in Table 1 , the activity of glucose 6-phosphate dehydrogenase was 29·33 0·67 units/ml in homogenates of blood cells, whereas no or only very weak activity was detected in chicken serum, human saliva and bovine milk. Therefore it was considered that the extracellular samples were not contaminated by cell cytosolic material, or the contamination was very weak and could be ignored.
Biotinylated CaM gel overlay showed that there were four main bands migrated at about 94, 44/45, 31·5 and 24 kDa in chicken serum on nitrocellulose paper (Fig. 1a) . In addition, there were many other weak bands (data not shown). The crude homogenate of blood cells had six bands located at 17, 23, 24, 27, 29 and 50 kDa sites (Fig.  1b) , while about 12 weak bands from 46 kDa to about 200 kDa were observed too (data not shown). The difference in the bands in serum and in the blood cell homogenate also indicated that the bands detected in serum were not from the breaking of blood cells. All bands mentioned above were detected in the presence of 1 m Ca 2+ . In a parallel incubation where Ca 2+ was replaced by 5 m EGTA, no bands appeared (Fig. 1a and b) . It suggested that these bands show the position of CaMBPs which can bind to CaM in a Ca 2+ -dependent manner. In human saliva, two proteins of 14 and 52 kDa could bind to the Ca 2+ form of biotinylated CaM. But in this case, the CaMBP of 14 kDa still appeared in the presence of 5 m EGTA, showing a Ca 2+ -independent binding manner (Fig. 2) . In addition, another Ca 2+ -independent 24 kDa CaMBP could also be detected. Because of its weak colour it is not visible in Fig. 2 . As for the milk, two Ca 2+ -dependent CaMBPs, which migrated at about 24 and 63 kDa, were detected (Fig. 3) . In these experiments, no band was found in the membrane incubated only with peroxidase-labelled avidin, suggesting that no extracellular protein can bind directly to avidin or peroxidase in detected samples.
Discussion
CaM is a multi-functional Ca 2+ -binding protein. Through its target proteins, CaMBPs, it modulates many cellular functions. Until now CaM was found to exert its function in almost all cellular physiological processes in animal cells. However, most of the research on CaMBPs has been focused on its intracellular functions. The only exception was that a degraded fragment of variant surface glycoprotein from Trypanosome brucei clone Y Tat 1·1 was found to be a CaM-binding polypeptide (Ruben et al. 1991) . However, research has shown that some hormone receptors (such as epidermal growth factor receptor, insulin receptor and thyroid-stimulating hormone receptor etc.) can bind to CaM and this binding may have some physiological significance (Bodine & Tupper 1984 , Graves et al. 1985 , Selinfreund et al. 1986 , Inui et al. 1990 . But normally hormone receptors are transmembrane proteins containing several transmembrane domains. Did CaM affect hormone binding to its receptors by binding to the cytoplasmic domain of the receptors? There is, as yet, no evidence to verify the suggestion that CaM may bind directly to the extracellular domain of hormone receptors. In the present study, we have focused on detecting various extracellular CaMBPs in body fluids of animals and found that they indeed existed in all three of the extracellular systems we had selected. Although the range of the samples we took was limited and the characteristics of the CaMBPs detected in this study are still unknown, it suggested that extracellular CaMBPs exist commonly in body fluids of animals.
In the same year that extracellular CaM-like protein was found in animals (MacNeil et al. 1984) , Biro et al. (1984) in the Roux Laboratory reported the existence of CaM in oat coleoptile cell wall. Thereafter, we purified the extracellular CaM from wheat coleoptile cell wall (Ye et al. 1988) and confirmed that CaM could enhance proliferation of suspension-cultured cells (Li et al. 1994a) , regeneration of protoplast cell wall and division of the cell regenerated from protoplasts of Angelica dahurica (Sun et al. 1995) . In maize root, we found CaM could accelerate the activity of the cross-membrane redox system in plasma (Sun et al. 1997) . In order to further understand the role of extracellular CaM, we looked for and first detected extracellular CaMBPs in two species of plants, and purified a 21 kDa cell wall CaMBP from Angelica dahurica (Tang & Sun 1994 , Tang et al. 1996 . Since the discovery of many intracellular CaM functions was proceeded by the discovery of various CaMBPs, we suggest that extracellular CaM might regulate cell physiological reactions through its own receptor proteins-CaMBPs. The detection of various CaMBPs in body fluids of animals further supports this idea, and implies that extracellular CaM and its CaMBPs might have a common significance in plants and animals.
The above results show that there are different CaMBPs in human saliva, bovine milk and chicken serum, and these proteins might be involved in different extracellular CaM physiological functions. However, the molecular weight of some extracellular CaMBPs detected in different samples is similar. For example, similar to the 14 kDa CaMBP in human saliva, a 14 kDa Ca 2+ -dependent CaMBP can be detected in chicken serum (data not shown), and the 24 kDa protein seems to exist in all samples, and so on. Is there any relationship between them? The characteristics and functions of these proteins are expected to be further studied.
Trewavas & Gilroy (1991) have pointed out that, as in Dictyostelium which use cAMP as an extracellular aggregating signal, plant cell wall Ca 2+ (the concentration of which is changed under stimulation) may also have an extracellular signal function. In animal cells, with the discovery of G-protein-coupled calcium receptor, it was suggested that extracellular calcium can act as first messenger to regulate physiological reactions. However, due to the non-specificity of the calcium receptor found so far (it recognizes not only [Ca 2+ ] o , but also other divalent or trivalent cations and even the organic polycations such as protamin (Brown & Vassilev 1995 , Nemeth 1995 ), further studies must be undertaken to seek specific extracellular calcium receptors or sensors which could specifically sense changes in [Ca 2+ ] o and mediate direct actions of extracellular calcium. CaM is a specific calcium modulator protein and a series of reports from our laboratory indicated that CaM exists not only in the extracellular area of the cell but also has important functions. Therefore, studies on extracellular CaM may have potential significance on the first messenger function of extracellular calcium. Our work here provides another manner in which extracellular Ca 2+ might modulate cell reactions by extracellular CaM and CaMBPs. Certainly, much work on the role of CaM and CaMBPs and their signal transduction pathway must be done, although we hope that this report will help to inspire more work on extracellular CaM.
